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INTRODUCTION
Piglet management practices, such as tail docking, teeth clipping, and castration, have come under public scrutiny because of the ambiguity regarding their necessity and the lack of research into ways of reducing pain and distress during and immediately after these procedures. Procedures like castration were shown to be painful to piglets at any age (Taylor et al., 2001) , and seldom, if ever, are anesthetics or analgesics used. Seemingly less invasive procedures such as tail docking, teeth clipping, and ear notching also appear to cause pain and distress (Prunier et al., 2001 ).
These procedures are most often performed soon after piglets are born. However, within 24 h after birth, important changes are occurring in suckling behavior. Upon their birth, piglets begin suckling in noncyclical bouts, consuming invaluable colostrum that is available for a limited time (Devillers et al., 2004) . After approximately 10 h, nursing bouts start to become synchronous and cyclical, with most piglets present at the udder for most of the episodic milk ejections (Lewis and Hurnik, 1985) . An increase in nursing bout synchronization occurs throughout the first 24 h, with piglets competing for access to productive teats and establishing a teat order (de Passillé and Rushen, 1989) . Processing piglets during this transitional period may be detrimental to the development of suckling behavior. Additionally, processing at 1 d of age may negatively affect the colostrum intake of piglets. Indeed, after castration, neonatal piglets spent less time suckling than noncastrated pigs for up to 6 h after the procedure (McGlone et al., 1993) . Because decreased consumption of colostrum is positively related to mortality (Hendrix et al., 1976) , processing procedures performed early in the life of a piglet may also influence mortality. Therefore, the objective of this experiment was to compare the effects of processing piglets at 24 h vs. 3 d of age on suckling behavior, passive immunity, growth, and mortality.
MATERIALS AND METHODS
This experiment was between July to December 2006 at the Agriculture and Agri-Food Canada Dairy and Swine Research Development Centre. All procedures were reviewed and approved by an Institutional Animal Care Committee in accordance with the Canadian Council on Animal Care.
Experimental Design
One hundred twenty piglets from 20 litters (6 per litter) were used in a 3 × 2 complete block design with each litter comprising a complete block. Piglets were weighed at birth, individually identified, and assigned to 1 of 3 treatments (blocked by birth weight): 1) control (no handling); 2) sham-processed (handling as if processed, ears and tails manually manipulated but not cut); 3) processed (tail docked and ear notched). The 3 treatments were applied at d 1 (15.3 ± 5.1 h after birth) or d 3 (64.1 ± 6.5 h after birth). Time 0 was defined as the time when all experimental piglets were placed on the udder simultaneously. Only litters that had 6 viable experimental piglets (birth weight >1 kg) born within 4.5 h before time 0 were included in the experiment.
Immediately upon their birth and before suckling, piglets were removed from the farrowing crate and kept in a heated box until the 6 experimental piglets of the litter were born. Piglets were individually identified with numbers hair dyed onto their backs and sides (Herbal Essences Sapphire Black hair dye, Stamford, CT). Pooled colostrum samples were collected from at least 2 unsuckled teats after the birth of the 6 experimental piglets. At this time, all experimental piglets were returned to the sow, in close proximity to the udder, to permit all to begin suckling simultaneously. Four additional piglets per litter served as nonexperimental piglets to standardize litter size to 10 piglets. Up to 12 piglets were permitted on the sow until the time of first processing, at which time supernumerary piglets were fostered from the experimental sows. There were 54 gilts and 66 boars used in the experiment (control: 19 gilts, 21 boars; processed: 19 gilts, 21 boars; sham: 16 gilts, 24 boars). Boars were castrated after the termination of the experiment on d 14.
For the 15 litters with time 0 between 1000 and 2359 h, d 1 treatment was applied at 0730 h the following morning. For the 5 litters with time 0 between 0000 and 0959 h, d 1 treatment was applied at 1500 h. For all litters, d 3 treatments were applied at 0730 h to facilitate management. The sham and processed piglets were removed from the farrowing pen and brought by cart to the hallway. One piglet at a time was brought into a separate room, with the door closed to minimize noise disturbance. The order of treatment (sham and processed) was alternated between litters of piglets and ages within litters. Tail docking and ear notching of piglets was performed by trained handlers without the use of anesthesia or analgesia as per normal onfarm procedure. Piglets were held between the knees of the handler for ear notching. Standard stainless steel ear notchers (CMDV, St. Hyacinthe, Québec, Canada) were used. All processed piglets received 1 notch in the middle of each side of each ear (2 notches per ear). Piglets were then placed upright on a stainless-steel surface for tail docking. Side-cutter pliers (CMDV) were used for tail docking, and tails were docked to one-third the original length. Sham-processed piglets were held in the same manner as processed piglets, with the ears and tails manipulated with the fingers. Processed and sham processed piglets were handled for 30.3 ± 0.4 s.
Vocalizations and Behavior
During the procedures, vocalizations of piglets were recorded using a digital video recorder (Canon Elura 90, Canon Canada, Mississauga, Ontario, Canada) and digitized using Ulead MediaStudio Pro 7 (Ulead Systems, Torrance, CA). Vocalizations were analyzed using the Raven Pro 1.2.1 (Cornell Lab of Ornithology, Ithaca, NY), a sound analysis software program. The frequency (Hz) of each vocalization was determined as the frequency with the greatest energy (amplitude). The sound file from 1 piglet (sham-processed piglet on d 1) was corrupted and was therefore omitted from analyses. Because control piglets were not handled, there were no vocalization data for those piglets.
Live observations were performed immediately after the treatment was applied, and piglets were returned to the sow to quantify the acute behavioral effect of the processing procedure. Three piglets of each litter (control, processed, and sham-processed piglets on d 1 or 3) were observed every 20 s for 10 min for each of 3 categories: general behavior (suckling, standing, lying alone, lying huddled with other piglets, playing/ fighting, sitting, and other), tail movement (no tail movement, tail jammed between legs, tail wagging, attempting to scratch tail with back legs), and head/ body movements (trembling, shaking head, attempting to scratch ears with front legs). If a suckling bout occurred during the 10-min observation period, observations were extended for the duration of time equivalent to the duration of the suckling bout.
A video recording system was used to record behavior at 10 frames/s (Panasonic WV-CP240 cameras, Panasonic AG 6730 VCR, Panasonic AG IA670 encoder/ reader module, Mississauga, Ontario, Canada; Sprite Dedicated Micro multiplexer, Mississauga, Ontario, Canada). Piglet behavior was recorded for 6 h immediately after the procedure and for the same 6 h period on the subsequent 3 d. Behavior of all 6 experimental piglets was observed on each day during and between nursing bouts. During nursing bouts (when greater than 50% of the litter was active at the udder), the behavior of each piglet was observed every 10 s, and between nursing bouts, each piglet was observed every 5 min to determine if they were actively suckling/massaging the udder or performing any other behavior away from the udder.
Growth, Immune, and Endocrine Measures
Piglets were weighed at birth and on d 5 and 14 of age. Growth rates were determined for the first 5 and 14 d of age. At 1000 h on d 5, blood samples were collected via jugular venipuncture from all experimental piglets. A volume of 5 mL was collected in a plain vacutainer for serum analyses of IgG, IgA, and interferon-γ (IFN-γ). For analyses of IGF-I, a volume of 5 mL was collected in an EDTA vacutainer and inverted immediately to prevent coagulation. All blood samples were kept on ice immediately after collection, and centrifuged within 20 min of collection at 3,000 × g for 12 min at 4°C. After centrifugation, serum samples were left at room temperature for 3 h and then refrigerated at 4°C for 24 h. The serum was then separated into 3 Eppendorf tubes for later analyses and frozen at −20°C. Whole blood samples were frozen at −20°C until analyzed. For IGF-I, plasma was collected in EDTA tubes. Lactoserum was obtained from colostrum after two 60-min centrifugations at 50,000 × g at 4°C, which were performed within 24 h of obtaining the samples. Concentrations of IGF-I were determined with a previously described RIA (Abribat et al., 1993) , which was validated for each physiological fluid. The IGF-I was extracted using the formic acid-acetone method. The first antibody in the IGF-I assay was donated by A. F. Parlow (US National Hormone and Pituitary Program, National Institute of Diabetes and Digestive and Kidney Diseases, Torrance, CA). The radioinert IGF-I was purchased from GROPEP (Adelaide, SA, Australia). Interassay CV for plasma IGF-I samples was 2.82%, and intraassay CV was 5.46%. Colostrum IGF-I was analyzed in one assay, and intraassay CV was 5.83%. Blood serum and colostrum samples were analyzed for IgA using an ELISA Quantification Kit (catalog No. E100-102, Bethyl Laboratories Inc., Montgomery, TX). Intraassay CV for IgA in plasma was 6.29% and in colostrum, 5.43%. Blood serum and colostrum were analyzed for IgG using an ELISA Quantification Kit (catalog No. E100-104, Bethyl Laboratories Inc.). Intraassay CV for IgG in blood serum was 4.4%, and in colostrum, 7.88%. Blood serum and colostrum samples were analyzed for IFN-γ; however, concentrations in both were below the minimum detectable concentration (7.5 pg/mL).
Statistics
Data were analyzed using the mixed model procedure (SAS Institute Inc., Cary, NC). Main effects tested were treatment and day of treatment, and litter was used as a random effect. For suckling behavior and growth rates, data were analyzed as repeated measures. Birth weight was used as a covariate for all data. When treatment × age of treatment interactions were significant (P < 0.10), the main effects of treatment were separated using contrasts. Contrasts were made between control vs. processed, sham-processed and processed vs. sham-processed, control. Sex and the interactions between sex, treatment, and age of treatment were included in the initial statistical model and removed when P > 0.10. Individual piglet birth time to time 0 was included in initial statistics, but was not correlated with any measure (P > 0.10).
For analyses of IgA, IgG, and IGF-I, correlation analyses were run between blood and colostrum samples to determine if the colostrum concentrations needed to be used as covariates. Insulin-like growth factor-I concentrations in plasma and colostrum were not correlated (P = 0.27). Concentrations of IgA in blood serum and colostrum were correlated (P < 0.001), so colostrum concentrations were used as a covariate in serum analyses. Concentrations of IgG in blood serum and colostrum tended to be correlated (P = 0.083), so colostrum concentrations were also used as a covariate in serum analyses. Sex and the interaction between sex and treatment were included in the initial statistical model but were not significant (P > 0.10) for any physiological variable.
RESULTS

Vocalizations
For the 79 processed and sham-processed piglets, 2,620 vocalizations were recorded during treatment. Torrey et al. Fifteen vocalizations were discarded due to background interference. There was no effect (P > 0.20) of sex on any vocalization variable. Piglets performed an average of 33.2 vocalizations during handling or processing, for a vocalization rate of 1.09 vocalizations/s (range: 0.18 to 1.88 vocalizations/s). There was no difference in total call rate between treatments (P = 0.51) or ages (P = 0.95; Table 1 ). Vocalizations were classified as high if their frequency was greater than 1,000 Hz; otherwise, they were classified as low (Figure 1 ; Weary et al., 1998) . Of the 40 processed piglets, 3 did not perform any vocalizations above 1,000 Hz, whereas 11 out of 39 sham-processed piglets did not perform high frequency vocalizations. The mean frequency of all vocalizations was 1,174 ± 67 Hz. There was a difference (P = 0.0015) in mean frequency between processing treatments and no difference between ages (P = 0.57; Figure 2 ).
When vocalizations were separated into high and low calls, processed piglets produced more high frequency calls than sham-processed piglets (P = 0.016), and all piglets at d 1 produced more high calls than all piglets on d 3 (P = 0.047), although the frequency (Hz) of high calls was lower (P < 0.001) in piglets at d 1 (Table  1) . In contrast, low frequency calls tended to be more common (P = 0.098) in sham-processed than processed piglets (Table 1 ). There were no statistical interactions between treatment and day of treatment for any vocalization variable. Histogram of all piglet vocalizations. Vocalizations were tri-modal with peaks at approximately 500 to 600 Hz, 1,500 to 1,700 Hz, and between 3,000 to 4,000 Hz. A trough occurred at 1,000 Hz, and vocalizations in this experiment were classified as low if they had a frequency of less than 1,000 Hz and high if their frequency was greater than 1,000 Hz.
Behavior
Immediate Effects of Processing. Processed and sham-processed piglets spent more time standing (P = 0.013) and less time huddling (P = 0.01) than control piglets during the 10 min immediately after treatment (Table 2 ). There was no difference in time spent suckling, lying alone, playing, or sitting. On d 1, all control, processed, and sham-processed piglets spent more time suckling (P < 0.005), less time standing (P < 0.005), and less time playing (P < 0.005) than all control, processed, and sham-processed piglets on d 3 (Table 2 ). Sex had a tendency to affect sitting (P = 0.07; gilts: 3.5 ± 0.7% of scans; boars: 1.9 ± 0.6% of scans) and playing (P = 0.06; gilts: 4.0 ± 0.9% of scans; boars: 1.9 ± 0.9% of scans), but there were no interactions between sex and treatment or age of treatment (P > 0.15).
There was an effect of treatment (P = 0.0005) and a trend toward an interaction between treatment and day of treatment (P = 0.084) on tail jamming (Figure 3) . There was an effect (P = 0.005) of sex on tail jamming, with gilts jamming their tails more than boars (gilts: 24.6 ± 3.0% of scans; boars: 13.6 ± 2.8% of scans), although no interaction between sex and treatment or age of treatment (P = 0.12) occurred. There was no effect of processing treatment on tail wagging (P = 0.56; control: 2.0 ± 0.8% of scans; processed: 1.0 ± 0.8%; sham-processed: 1.5 ± 0.8%), but 3-d-old piglets tended to wag their tail more often than 1-d-old piglets (P = 0.06; d 1: 0.8 ± 0.6% of scans; d 3: 2.3 ± 0.6%). Sex tended to influence (P = 0.052) tail wagging, with gilts wagging their tail more than boars (gilts: 2.4 ± 0.7% of scans; boars: 0.8 ± 0.6% of scans). There was no interaction between sex and treatment or age of treatment (P = 0.15).
Day of processing affected (P = 0.0004) and treatment tended to influence (P = 0.076) trembling incidence (Figure 4) . Irrespective of treatment, piglets trembled more on d 1 than on d 3, and those processed on d 1 trembled more (P < 0.05) than any piglet on d 3. There was a trend toward an interaction (P = 0.096) between sex and treatment for trembling. Gilts trembled more than boars if in processed or sham-processed treatments (processed gilt: 16.1 ± 3.2% of scans, processed boar: 6.7 ± 3.1% of scans; sham-processed gilt: 9.5 ± 3.5% of scans, sham-processed boar: 6.2 ± 2.9% of scans), but control boars trembled more than control gilts (control gilt: 1.9 ± 3.2% of scans, control boar: 6.1 ± 3.0% of scans). There was no interaction between sex There were no interactions between treatment (Trt) and day of treatment. Tail jamming by piglets during the 10 min after treatment application (least squares mean % of observations + SE). There was an effect of processing treatment (P = 0.0005) and a trend toward an interaction between treatment and day of treatment (P = 0.0839). a ≠ b, P < 0.03. and age of treatment, or a 3-way interaction among sex, treatment, and age of treatment.
Effects on Suckling Behavior. During nursing bouts, there was no effect of processing treatment or day of treatment on suckling behavior overall (Table  3) or on any specific day. There was also no difference between treatments or day of treatment in suckling behavior performed between suckling bouts (Table 3) . There was no effect of sex on suckling behavior (P > 0.10).
Mortality and Growth Rates
Two piglets died during the course of the experiment. Average birth weight of the experimental piglets was 1.47 ± 0.03 kg (range: 1.04 to 2.23 kg). Piglets weighed 2.26 ± 0.06 kg at 5 d of age (range: 1.45 to 3.48 kg) and 4.75 ± 0.13 kg at 14 d of age (range: 1.47 to 7.11 kg). Piglets gained an average of 235 ± 9 g/d (range: 15 to 384 g/d). There was no difference in BW or growth rates between processing treatments or day of treatment (Table 4) . There was no effect of sex on any growth variable (P > 0.10).
Endocrine and Immune Measures
The concentration of IGF-I in colostrum was 395.2 ± 21.7 ng/mL (range 229.0 to 549.1 ng/mL), and the concentration in piglet plasma on d 5 was 97.9 ± 2.6 ng/mL (range: 36.8 to 167.9 ng/mL). There was no effect of treatment (P = 0.30) or day of treatment (P = 0.99), on IGF-I concentrations in piglet plasma but a tendency for an interaction (P = 0.09) between treatment and day for IGF-I, with values being greater for control than processed or sham-processed piglets on d 1 but not d 3 ( Figure 5 ).
The concentration of IgG in colostrum was 47.0 ± 3.9 mg/mL (range: 4.3 to 77.7 mg/mL). Average concentration of IgG in serum of 5-d-old piglets was 28.7 ± 1.3 mg/mL (range: 6.2 to 78.6 mg/mL). There was a difference between treatment ages (P = 0.018) and a tendency for an overall difference among treatments (P = 0.09), with processed piglets having less IgG concentrations compared with sham-processed and control piglets (P = 0.029; Figure 6 ).
The concentration of IgA in blood serum averaged 3.5 ± 0.19 mg/mL (range: 0.36 to 10.8 mg/mL). In colostrum, IgA concentrations were 19.6 mg/mL (range: 8.5 to 45.2 mg/mL). There was no difference between treatments (P = 0.65; control: 3.6 ± 0.4 mg/mL; sham: 3.6 ± 0.4 mg/mL; processed: 3.4 ± 0.4 mg/mL) or day of treatment (P = 0.49; d 1: 3.6 ± 0.42 mg/mL; d 3: 3.5 ± 0.42 mg/mL).
DISCUSSION
Organizations such as the Canadian Agri-Food Research Council recommend that swine producers tail dock, ear notch, and teeth clip neonatal piglets when they are less than 24 h old, whereas the American and Table 3 . Effect of processing treatment and age of treatment on piglet suckling behavior (least squares means percent of observations ± SE) through 4 d of age During suckling bouts, piglets were classified as either suckling or massaging the udder, at the udder but not suckling or massaging (includes searching for or fighting over a teat), or away from the udder. For treatments, Proc is processed (tail docked and ear notched), and Sham is sham processed.
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There were no treatment (Trt) × day interactions (P > 0.05). Age and responses to processing procedures Canadian Veterinary Medical Associations recommend that the procedures be performed within the first week after birth. However, data to support either of these recommendations were lacking. The present experiment was the first designed to compare the vocalizations, behavior, growth, and passive transfer of immunoglobulins in piglets tail docked and ear notched at 1 and 3 d of age with piglets that were handled on those days, or to unhandled control piglets. Two previous studies compared the effect of age at processing on mortality and growth. Nicholson and McGlone (1992) found that piglets processed on d 3 tended to have a greater survival rate than those processed on d 1. They attributed this result to processing interfering with colostrum intake in younger piglets. However, they did not measure immune status or suckling behavior. A second study (Kober and Thacker, 1999) compared the processing of piglets at d 1 and 2. They found a greater mortality rate in piglets processed on d 2; however, these piglets had been handled twice rather than once like the younger piglets. In our study, we acknowledged that handling and birth weight may influence other measures. We compared piglets that were not handled with those that were handled as if processed and those that were actually processed. We also chose to use piglets born at a viable BW (greater than 1 kg) and balanced birth weight between treatments and days of treatment. Mortality rate was very low (2 piglets out of 120), and behavior, growth, and passive transfer of immunoglobulins could be compared without being confounded by differences in birth weight.
During treatment application, processed piglets vocalized at a greater average frequency (Hz) than piglets that were sham processed, and they produced more high frequency vocalizations (calls greater than 1,000 Hz) than sham processed piglets. This finding corroborates 2 studies on castration that found castrated piglets produce more high frequency vocalizations than sham-castrated piglets (Weary et al., 1998; Taylor and Weary, 2000) . Because of their findings, Weary et al. (1998) suggested that the rate of high frequency vocalizations is a reliable indicator of pain. White et al. (1995) found that piglets castrated without lidocaine vocalized at a greater frequency (Hz) than those castrated with an anesthetic, and the increased frequency corresponded with increased heart rate. Using castration as a model, Horn et al. (1999) also found changes in vocalizations to correlate with changes in physiological stress variables. Taken together, these studies on castrated piglets indicate that increases in high frequency vocalizations and an overall greater vocalization frequency are indicative of pain. As such, our study provides evidence that tail docking, ear notching, or both are painful procedures for neonatal piglets.
We found some differences in the behavior of piglets immediately after treatments were applied. Processed piglets jammed their tail between their legs more often than sham handled or control piglets and also tended to tremble more after the procedures. Other studies also found processed piglets to jam their tail at a greater rate than nonprocessed piglets after treatment (Noonan et al., 1994; Rand et al., 2002; Sutherland et al., 2008) . Although all piglets on d 1 trembled more than all piglets on d 3, a difference most likely due to the lack of brown fat stores at birth and the inability of piglets to thermoregulate until about 3 d of age (Curtis, 1974) , this difference was most evident in the processed piglets, with piglets processed on d 1 trembling significantly more than any piglet on d 3.
General behavior immediately after processing did not differ between sham-processed and processed piglets. Changes in standing and huddling behavior can be attributed to the removal of the piglets from their home pen and handling. The effect of day on suckling and standing after processing reflect changes in the dynamics of suckling during the first 2 d after birth. During and immediately after parturition, milk flow is continuous and gradually becomes synchronous and cyclical (Fraser, 1980) . As a result, piglets on d 1 spent more time at the udder and less time performing other behavior such as standing and playing than piglets on d 3. From the video observations of suckling behavior, there was no effect of treatment or day of treatment in time at the udder during or between nursing bouts.
Treatment or day of treatment did not affect BW or growth through 2 wk of age. Because we used only 10 piglets per litter and litter size was generally larger than 10 piglets (average size was 12 piglets), we were able to exclude the least, and occasionally the greatest, birth weight piglets. Therefore, processing treatments do not appear to be traumatic enough to induce changes in growth rates of average-sized piglets.
The physiological measures examined are general indicators of colostrum intake and passive transfer of immunoglobulins. Insulin-like growth factor-I was measured in colostrum from unsuckled teats and in piglet plasma at d 5. Our results are within the normal range of previous reports in colostrum (Farmer et al., 2007) and neonatal piglet plasma (Young Lee et al., 1991) . Although there was a tendency for a statistical interaction between treatment and day of treatment, differences between single treatment and day combinations were not statistically or biologically significant. The IgG concentrations in piglet serum (Bland et al., 2000; Martin et al., 2005) and colostrum (Klobasa et al., 1987) were also similar to previously reported values. Piglets processed on d 3 had the least concentration of IgG, being on average 7 mg/mL less than all other piglets. This age effect and a tendency for a treatment effect indicated that handling piglets 3 d after birth had a greater impact on serum IgG concentration as measured on d 5 after birth. It is possible that stress caused by processing procedures contributed to decreasing IgG in piglet blood at an age when colostrum-derived IgG is naturally decreasing (Martin et al., 2005) and the immune system of the piglets is not sufficiently developed to respond to antigenic stimulations (Lessard et al., 2002) . Our results corroborate those previously reported in tilapia showing decreased plasma immunoglobulins (IgM) 1 to 5 d after a stressor (Chen et al., 2002) . However, the difference observed in the present study is not highly significant among treatment groups, and further studies are required to elucidate the influence of early stress in newborn piglets on colostral IgG decline.
In conclusion, tail docking and ear notching appear to cause pain and distress to newborn piglets, resulting in changes to vocalizations and behavior above those of handling alone. However, these procedures did not have any detrimental effect on suckling behavior or growth, and results from endocrine and immunological measures are equivocal. In addition, there does not appear to be any concrete evidence that processing piglets on d 1 is better or worse than on d 3. Further studies are needed to examine ways to reduce the pain and distress caused by these routine management procedures and to examine the effect of these procedures on low birth weight piglets.
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